METHODS
The reaction equations governing the expression of Egr1 and Atf3 mRNA, Atf3 protein and subsequent suppression of Egr1 mRNA expression by Atf3 protein are described as follows. Each of the following processes occur at the rate indicated. Further details on these can be found in Table S1 . -P denotes a phosphorylated version of the protein.
The phosphorylation of MKK by ET-1 is denoted by:
which subsequently phosphorylates the unphosphorylated ERK:
ERK-P is now free to transcribe both Egr1 and Atf3 mRNA such that:
ERK-P + DNA Egr1
and:
ERK-P + DNA Atf3
→ mRNA Atf3 (4) which are both degraded:
Here · denotes a complex and φ the degraded mRNA. The suppression of Egr1 mRNA transcription by Atf3 is described by:
ERK-P · DNA Egr1 + Atf3 k 7 → Atf3 · DNA Egr1 (6) where the concentration of ERK-P is considered to be in excess.
Finally the translation of Atf3 mRNA to Atf3 protein and subsequent degradation of the protein are denoted by: mRNA Atf3 k 8 → Atf3 and Atf3
respectively, where φ P denotes degraded protein.
In the present study we do not explicitly account for the degraded mRNAs or Atf3 protein.
Mathematical model
The Law of Mass Action [6] was applied to eqns (1)- (7) . This led to the following system of nonlinear ordinary differential equations:
d E dt = −k 2 m P E (10)
Each of the variables is defined as follows: e T represents the concentration of ET-1 (denoted e which state that MKK and ERK are initially assumed to be unphosphorylated, the concentration of Egr1 mRNA is non-zero whereas no Atf3 mRNA, Atf3 protein or any of the complexes have been created. The governing system of equations can be simplified as follows. Addition of eqns (8) and (9), integration with respect to time and application of the respective initial conditions yields the conservation relation:
Substituting for m into eqn (9), integrating and applying the initial condition yields:
Addition of eqns (12), (13) and (19), integration with respect to t and application of the initial conditions yields.
Likewise for eqns (15) and (16):
Assuming eqn (16) is quasi-steady and substituting for D A using eqn (24) leads to:
where
Bringing all these results together gives:
with the initial conditions:
where k * 6 = k 6 D A0 . When Egr1 transcription is not suppressed by Atf3 protein we have k 7 = 0.
Parameterization
The mathematical model has been informed with data available within the literature, from our own previous studies as well the present study. A complete list of the parameter values used can be found in Table S1 . In cases where parameter values have been derived these are explained as follows.
Estimation of the activation rate of MKK and ERK
The time course for activation of ERK1 was determined previously [9] and maximal activation was at 3 min. The time course for activation of MKK was determined by immunoblotting with antibodies against phosphorylated (i.e. activated) MKK (Cell Signaling Technology). A representative blot is shown in Figure S1 . The time course for activation by a range of agonists (epidermal growth factor, ET-1, phorbol 12-myristate 13-acetate or platelet-derived growth factor) all showed maximal activation by 2-3 min. We therefore assumed the time to maximal activation of MKK to be 2 min with a further 1 min for maximal activation of ERK.
The concentration of MKK in cardiomyocytes was estimated by immunoblotting cardiomyocyte extracts from a known number of cells alongside known concentrations of recombinant MKK1. Antibodies against total MKK were from Cell Signaling Technology. Following densitometric analysis, a standard curve was constructed from which the amount of MKK in the myocyte extract was estimated. The concentration was calculated on the basis of the estimated volume of a neonatal myocyte. The concentration of ERK was assumed to be similar to MKK given that this lies within the range seen in other cells [4] . The time taken for maximal activation of MKK by ET-1 is 2 min, thus: The time taken to activate ERK by MKK is 60 s, so:
The total ERK concentration is 130 nM such that: The size of the Atf3 and Egr1 genes, mRNAs and proteins were for mouse (for rat, the 5 untranslated region was not defined for Egr1 and the rat genome is not well sequenced in the intronic regions for Atf3 The model is based on the assumption that phospho-ERK bind to transcription factors that are pre-bound to the Atf3 and Egr1 promoters and this drives transcription. We presume that the ERK binding is mediated through a DEF motif with an estimated dissociation rate of 0.5 μM (the dissociation rate for Elk1 is 0.25 μM; that for Fos is 1 μM) [2] . Given that To estimate the half-life of Egr1 and Atf3 mRNA, cardiomyocytes were exposed to ET-1 for 30 min then incubated without or with actinomycin D (4 μM, added directly to the culture dish). Cells were harvested at the indicated times following addition of actinomycin D and mRNA expression was measured by qPCR. GraphPad Prism 4 was used to fit a one-phase exponential decay curve to the data shown in Figure S1 , giving a half-life of 13 min for Egr1 and 49 min for Atf3. The rate of degradation is defined by:
which leads to:
We assume Atf3 protein degrades at the same rate as Atf3 mRNA.
Egr1 DNA concentration
We assume there are two molecules of DNA per cell. The volume of a neonatal myocyte was estimated given that an adult myocyte has a volume of 34 pl with a capacitance of 66 pF [3, 8] and the capacitance of a neonatal myocyte is 13 pF [8] . This gives 6.7 pl per cell leading to concentration of 33.2 pM. 
RESULTS
The governing system of nonlinear ordinary differential equations (ODEs) (eqns 27-33) was solved using Gear's method available in Matlab (The Mathworks, Version 7.11) via the solver ode15, with m P (t) given by eqn (26).
Using the parameter values detailed in Table S1 we found the 20-fold change in Egr1 mRNA determined experimentally could not be reproduced using these values [using an initial estimate of
As such we undertook a sensitivity analysis in which we varied the rates of Egr1 and Atf3 mRNA transcription (k * 4 ,k * 6 ), ERK-P reverse activation of Egr1 DNA (k −3 ) and the ERK-P association rate for Atf3 DNA (K 3 ). The most appropriate variation in these values which gave a good fit to the data was found to be a 5-fold increase in both the transcription rates of Egr1 and Atf3 mRNA (5 × k * 4 ,5 × k * 6 ), a 10-fold decrease in the rate of ERK-P dissociation for Egr1 DNA (k −3 /10) and a 50-fold decrease in the ERK-P association rate for Atf3 DNA (K 3 /50). Such a variation in the rates of Egr1 and Atf3 transcription is equivalent to a rate of 275 bases/s rather than the original assumption of 55 bases/s. Such a variation lies within the range recently reported in [1] and [5] .
This led to a very good fit to the experimental data in terms of the magnitude variation in Egr1 mRNA observed experimentally and a relatively good fit (qualitatively) to the supression of Egr1 mRNA by Atf3. To further improve this model-data fit we adjusted the rate of Atf3 suppression (k 7 ). Good fits to the data were obtained for the range of values 1.00 × 10 5 (Ms) 
